Objective: The aim of the study was to compare the Glasgow Nutritional Screening Tool with the Malnutrition Universal Screening Tool (MUST) recently recommended for use by the British Association for Parenteral and Enteral Nutrition. Design: Comparison-validation study. Setting: Four adult acute hospitals in Glasgow, UK. Subjects: All 242 in-patients from a variety of specialties. Methods: Two investigators independently interviewed 202 in-patients for the comparison-validation study. Each used a single tool with each patient, using each tool in turn. Investigators were not aware of each other's assessments. Forty other patients were interviewed by both raters separately using the local tool to evaluate inter-rater reliability. Results: When compared with MUST as a 'gold standard', the local tool had a sensitivity of 95.3% and a specificity of 64.9%, with moderate agreement between the two tools using kappa test (k ¼ 0.57). Agreement between the raters was substantial (k ¼ 0.69) with 85% of patients classified the same by both raters. Conclusion: The Glasgow Nutritional Screening Tool is a valid and reliable tool that can be used on admission for nutritional screening.
Introduction
Studies over the past decades have shown a high prevalence of undernutrition in healthcare facilities, whereas at the same time other authors have shown that the nutritional status of the hospital patients is disregarded (McWhirter and Pennington, 1994; Edington et al., 2000; Kelly et al., 2000) . Undernutrition impacts on morbidity, mortality, length of hospital stay and costs (Persson et al., 2002; Correia and Waitzberg, 2003) whereas nutritional support can improve patients' clinical outcome (McWhirter and Pennington, 1996) . Thus, it is important to identify patients 'at risk' of undernutrition.
There is no consensus on the best method for accurate assessment of nutritional status. In addition, it is impossible for dietitians to perform a full nutritional assessment of each patient. Therefore, nutritional screening, usually by the admitting nurse, has been recommended as a means of selecting 'at-risk' patients who should then be referred to the dietitian (Laporte et al., 2001; Corish et al., 2004) . National Health Service Quality Improvement Scotland recently published standards for food, fluid and nutritional care, which state that all patients should be screened for undernutrition on admission and periodically during their stay at hospital (NHSQIS, 2003) .
A plethora of nutrition screening tools (NSTs) have been developed, often related to a particular patient group (Wright, 1999; Thorsdottir et al., 2001; Bauer and Capra, 2003) . The British Association for Parenteral and Enteral Nutrition (BAPEN) has developed an NST called the Malnutrition Universal Screening Tool (MUST) and has recommended that it is suitable for widespread use. It uses body mass index, recent unplanned weight loss and acute disease effect equally to produce an overall malnutrition risk score. Management guidelines and/or a care plan are followed based on the overall malnutrition risk score (BAPEN, 2003) .
The Glasgow Nutritional Screening Tool (Glasgow NST) is a locally developed screening tool, which has been used for several years in some wards in Glasgow Royal Infirmary (Figure 1 ). Although based on the validated tool, Birmingham Heartlands Tool (Reilly et al., 1995) , Glasgow NST has not been formally validated. Each of its six questions, relating to strong predictors of undernutrition (Kondrup et al., 2003) , are graded with a score from zero to five. Overall scores of more than six signify a risk of malnutrition and a care plan advises either re-scoring in a few days (score: 7-9) or referral to dietitian (score: X10), depending on the score.
Although NHSQIS recommended the use of MUST for nutritional screening, there was a reluctance to abandon our local tool, which was popular with the users. The objective of this study was to compare the performance of the Glasgow NST with the authoritative MUST tool.
Subjects and methods
Study site and sample Two samples of patients were recruited, one for the evaluation of concurrent validity and another one for an inter-rater reliability study. Participants were in-patients from a variety of specialties within North Glasgow Trust. Each of six specialties was targeted for 1 week of a 6 week study period and as many adult admissions as possible, both elective and emergency, were included. Patients who were unable to give consent, had psychological problems, were pregnant or were unconscious were excluded.
The required sample size for the concurrent validity study was calculated using the equation recommended by Jones (2004b) for an undernutrition prevalence of 40% (McWhirter and Pennington, 1994; Stratton et al., 2004) , for 90% sensitivity and a maximum error of 5%.
Additional patients were interviewed from Glasgow Royal Infirmary to evaluate the inter-rater reliability of the 
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Glasgow NST but not that of the MUST. Patients from four different specialties (orthopaedics, plastic surgery, medicine and general surgery) were selected based on the protocol we followed for the comparison of the Glasgow NST with MUST.
The research protocol was approved by the Ethics Committee of Glasgow Royal Infirmary. Written consent was obtained from each subject.
Study design
For the validation study, two graduates in dietetics studying for a postgraduate degree in Human Nutrition interviewed each patient independently, alternating between the two tools. For the reliability study, both assessors interviewed the same patients independently using the Glasgow NST. The results were recorded on two separate spreadsheets (MS Excel 2000) , and the two spreadsheets were combined for analysis only at the end of the study. Each interviewer was blinded to assessments made by the other.
For both NSTs, the same methods of assessment were applied. Specifically, for the measurement of height and weight, portable standardized electronic scales and a portable stadiometer (Seca, Leicester, UK) were used. Patients were weighed wearing light clothing. When patients were not able to stand or were bed-bound (e.g. orthopaedic wards), alternative measurements were used as recommended by BAPEN (BAPEN, 2003) for the assessment of body weight, height and BMI. Mid arm circumference was measured with a flexible, non-stretch measuring tape, midway between the acromion and olecranon on the left arm or on the right arm when the left was not available (e.g. plasters). In the absence of these measurements, recent height, weight and weight loss were extracted from the medical and nursing notes. When these were not available either, the self-reported weight and height of the patients were used. If these methods failed, the physical appearance of the patients and loose clothing, watches or jewellery were used to assess their weight status as recommended (BAPEN, 2003) .
For patients on chronic haemodialysis, their measured or self-reported 'dry' weight after the end of dialysis was used.
Demographic characteristics, diagnosis and pressure sore incidence were culled from the nursing and medical notes. Assessment of appetite, gut function, weight loss and ability to eat or drink was based on patient interview.
Statistical methods
In order to compare the two NSTs, and to gain statistical power, moderate-risk (score: 7-9 for Glasgow NST and 1 for MUST) and high-risk (score: X10 for Glasgow NST and X2 for MUST) groups were combined into one unified 'risk' group as described by previous researchers (Ferguson et al., 1999; Jones, 2004a; Stratton et al., 2004) .
Contingency tables on the classification of the two screening tools were constructed to identify true positives, true negatives, false positives and false negatives and to calculate the sensitivity, specificity and predictive values (Deeks, 2001) .
There is no generally accepted clinical definition of undernutrition and no gold standard for assessing nutrition status. Thus, a study of diagnostic accuracy for a nutritional tool is particularly problematic. The data were analyzed by using Cohen's kappa test as a measure of agreement. Interpretation of the kappa value was according to tables from Landis and Koch (1977) . Similarly, cross-classification of the data and Cohen's kappa test were used to check the inter-rater reliability of the Glasgow NST.
The data was analysed using Minitab version 14 for Windows.
Results
Sample characteristics
Two hundred and four patients were asked to participate in the comparison study. Two hundred and two (112 females) consented to participate and were interviewed. The median age of the participants was 64 years (range 18-95) with 49 and 75 years being the first and third inter-quartile values.
Patients were recruited from the following specialties: medicine 24%, orthopaedics 20%, general surgical 19%, plastic surgery including head and neck and burns 15%, geriatrics 11%, oncology 11%. Of 202 patients, 180 had their weight and height measured, for 13 patients the data were culled from notes, five patients had mid-arm circumference measurements and, for four patients, other surrogates such as appearance and recalled data were used.
Prevalence of patients 'at risk' of undernutrition The risk of undernutrition using the two NST's is shown in Figure 2 .
For the combined nutritional risk categories, 60.4% of the participants were 'at risk' of undernutrition according to the Glasgow NST and 42.1% according to MUST. Analysis of undernutrition risk by age group and NST showed that the prevalence of undernutrition risk was greater in older patients for both tools (risk of undernutrition: 470 years Glasgow NST 73%, MUST 56%; 46-70 years Glasgow NST Figure 2 Charts showing incidence of undernutrition using the two tools -divided into low-risk and risk (combined moderate-risk and high-risk) groups.
A local tool compared to MUST K Gerasimidis et al 58%, MUST 33%; 18-45 years Glasgow NST 44%, MUST 37%). The risk of undernutrition varied between specialties (Figure 3 ), although the numbers involved preclude statistical analysis.
Comparison of Glasgow NST and MUST
Four of the 85 (4.7%) patients who were screened being 'at risk' of undernutrition by MUST were not identified by the Glasgow NST (Table 1) . Forty-one of the 117 (35%) patients screened as 'low risk' by MUST were assessed as 'at risk' by the Glasgow NST (Table 1) . Using MUST as the 'gold standard' for the assessment of undernutrition, the Glasgow NST achieved high sensitivity (95.3%) and fair specificity (64.9%). The positive and negative predictive values of the Glasgow NST were 95 and 66.4%, respectively. Comparison of the two tools using Cohen's kappa test revealed moderate to substantial agreement (k ¼ 0.57) between the two methods using the interpretation values of Landis and Koch (1977) .
Inter-rater reliability of the Glasgow NST Forty additional patients were interviewed for the inter-rater reliability study. The two interviewers rated 34 out of 40 (85%) of the subjects at the same degree of risk. Evaluation of the inter-rater agreement with Cohen's kappa test resulted in a kappa value of 0.69, which is interpreted as substantial agreement.
Discussion
In order for an NST to be useful, it should be simple, quick, non-invasive and cost effective, making it practical to use at ward level whereas enabling the routine assessment of patients by ward staff with minimal or no training on how to complete the tool (BDA, 1999; Burden et al., 2001) . Although many NSTs have been described, most previous studies assessing these tools have been of poor quality. Jones (Jones, 2002) reviewed 44 studies of NSTs and found that 28 assessed validity, 20 reliability and 17 both of them. The majority of these studies used an appropriate method of analysis to estimate a tool's effectiveness but very little attention was given to the sample size required to achieve this. Only three studies attempted to address this issue, and only one referenced appropriate formulae.
Our study deals with most of these issues. It includes a comparison with a well-validated and reliable tool, although not an actual gold standard, the sample size was based on published equations and its reliability was assessed despite the small sample we used.
Comparison of NSTs
In our study, the lack of an actual gold standard did not permit the direct validation of the Glasgow NST and its validity depends on the sensitivity and specificity of the MUST tool to which it is compared. A formal validation study would require a comparison with a global nutritional assessment using dietary assessment, anthropometry, functional, clinical and biochemical indices. Such validation is time consuming and requires a large number of patients. On the other hand, MUST has been validated against nutritional assessment methods and compared with other NSTs (BAPEN, 2003; Stratton et al., 2004) . These previous studies permitted us to use it to define risk of undernutrition. The results of the comparison study revealed that the Glasgow NST is at least as sensitive in identifying undernourished patients as MUST. As far as specificity is concerned, the Glasgow NST either correctly assessed more patients as undernourished than MUST or the Glasgow NST lacks specificity. The present study did not have statistical power to distinguish between these two explanations. The kappa test showed moderate agreement between the Glasgow NST and MUST using Landis and Koch tables as the ranking scale.
Other studies comparing NSTs have also found reasonable agreement between tools. Corish et al. (2004) compared the Nutrition Risk Index (NRI) and the original form of the tool we used (Reilly et al., 1995) against the same anthropometric 'gold standard' and found moderate agreement. Burden et al. (2001) validated an NST, similar to ours, with anthropometrics and weight loss and found its sensitivity and specificity to be 78 and 52%, respectively. Finally, Stratton et al. (2004) found that the MUST tool gave good to excellent agreement when compared with the original Birmingham Heartlands NST (Reilly et al., 1995) and other NSTs (kappa values from 0.55 to 0.89 depending on the NST) (Stratton et al., 2004) .
Inter-rater reliability
The results from the inter-rater reliability study showed that the Glasgow NST is reliable when it was implemented by two different dietitians. The kappa value of 0.69 denotes substantial agreement between the assessors and is similar to that for other NSTs. Ferguson et al. (1999) estimated the reliability of the Malnutrition Screening Tool using at least two different dietitians or nutritionists as assessors and found good agreement for more than 93% of the cases with a kappa value higher than 0.84.
Prevalence of patients 'at risk' of undernutrtion
The prevalence of patients 'at risk' of undernutrition in our sample is high, although comparable to some reports in the literature (Edington et al., 2000; Stratton et al, 2004) . This may be owing to different definitions of undernutrition, use of different NSTs, changes in the prevalence of undernutrition (Elia and Stratton, 2000; Kelly et al., 2000) , different study design or different case mix. The use of dietitians to screen patients may have increased the numbers judged to be 'at risk' (Pattison et al., 1999) . Our study included only in-patients in four large city hospitals. No day patients and few patients undergoing minor surgery were included. The Glasgow NST screened more people as 'at risk' of undernutrition than MUST did. Whether this is attributed to the fact that MUST is not an actual gold standard, which infallibly assesses the actual nutritional status of the patients, or that Glasgow NST lacks specificity, is not clear. A comparison with a global nutritional assessment is needed to distinguish whether the Glasgow NST is accurately screening more patients 'at risk' than MUST or is less specific.
Moreover, the Glasgow NST is a screening tool, that identifies risk of undernutrition. The aim is to identify all those 'at risk' rather than only those already undernourished, and therefore the criteria must be looser. Although some well-nourished patients may be screened as 'at risk' of undernutrition, the ward dietitian could easily and quickly identify that this was inappropriate.
An alternative explanation might be a different case mix. Bauer and Capra, (2003) have found that the Malnutrition Screening Tool (Ferguson et al., 1999) , a tool quite similar to MUST, fails to identify some cancer patients 'at risk' of malnutrition and it may be that our case mix with a large number of cancer patients even in general and plastic surgery helps to explain these results.
Limitations
Although our sample size was sufficient to be 95% confident that the sensitivity of the Glasgow NST was 95.3%, our study was underpowered to prove a specificity of 64.9%.
Our estimate of sample size was based on an expected prevalence of undernutrition of 40%. Although this is supported by our results using MUST and other recent reports in the literature (Stratton et al., 2004) , if the actual prevalence of malnutrition was lower, a bigger sample size would be required to support the validity of Glasgow NST.
A weakness of our study is that the assessors did not evaluate the pressure sores personally because they were dietitians rather than nurses. The assessment was based on the nursing notes. However, this assessment is likely to be very accurate. Pressure sore assessment is included in the routine hospital admission procedure and nurses are keen to make every effort to prevent them (Brem and Lyder, 2004) . We found comment on pressure sores was widely recorded and the incidence on admission was low.
Another inevitable drawback was that the assessors were not blinded to the use of the NSTs, although they were blinded to the results of the other assessor's screening result for each patient and we were careful to ensure that the two sets of results were not combined until data collection was complete.
We cannot exclude recall and report bias as a possible source of error for both screening tools. These tools rely on the patients' ability to recall their body weight 6 months ago, and on how accurately they can report their appetite or gut function. Although we excluded patients who were overtly confused, inaccurate recall may well lead to inappropriate screening results.
Finally, the use of researchers who were dietitians to screen patients may produce results that are different from those of the average busy ward nurse.
Conclusion
Although there are problems with the precise definition of undernutrition, a significant proportion of hospital patients do show evidence of undernutrition. Nutritional screening on admission by nursing staff should be included in hospital admission procedures. The Glasgow NST appears to be a useful tool with high sensitivity and inter-rater reliability. It is cheap, easy to use, quick and non-invasive, complying with the standards set by the various national dietetic associations for a functional NST.
